In the present paper, two point boundary value problems involving diffusiondispersion during flow through multi-particle system are solved using orthogonal collocation on finite elements with Hermite basis for Robin boundary conditions. The technique is a combination of finite element method and orthogonal collocation method with Hermite basis. Roots of shifted Legendre and shifted Chebyshev polynomials are used as collocation point. The numerical results thus obtained are compared with earlier works through analytical methods and MATLAB 'pdepe' solver. The results are found to be comparable with analytic ones and much better than the 'pdepe' solver.
Introduction
Modeling of any system can be done using the techniques like process modeling, physical modeling and statistical modeling. The mathematical models describing the diffusion-dispersion process in packed bed of fibers are based on axial dispersion and particle diffusion. These models are established in terms of transport equations using basic mass transfer relation like material balances and diffusion equation. The transport equations together with adsorption-desorption isotherms and appropriate boundary and initial conditions describe the equilibrium between the concentration of the solute in the liquor and concentration of the solute on the fibers. These models are simulated for various input parameters such as interstitial velocity, longitudinal dispersion coefficient, mass transfer coefficient and porosity of the packed bed.
A lot of literature is available on the subject of longitudinal dispersion in porous media. Previous investigators [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] have studied models based on the concepts of particle diffusion and axial dispersion. Investigators have followed linear, finite rate and Langmuir adsorption isotherms besides different boundary and initial conditions. These models were solved analytically [4, 7, [9] [10] [11] 13, 14] and numerically by methods, such as finite-difference method [8] , orthogonal collocation method [5, 6] , orthogonal collocation on finite elements (OCFE) [2, 3] , Petrov Galerkin method [1] and MATLAB 'pdepe' solver [12] .
In this paper, an attempt is made to provide more accurate numerical solution of the diffusion-dispersion models. To validate the solution technique, the model is solved and compared with results of earlier work [3, 12] . The results are showing fairly good accuracy.
OCFE Using Hermite Basis
Hermite cubic interpolant of the function f relative to the partition 0 1 ... n a x x x b = < < < = is a function s that satisfies: 
In the method of OCFE using Hermite basis, the axial domain (0 ≤ x ≤ 1) is divided into small sub domains called 'elements'. The global variable x varies in the 
Numerical Problems
In this study two problems are discussed. First one is linear in nature which is used to establish the numerical technique by matching the results with the exact ones. Order of convergence is calculated using Gauss Legendre and Chebyshev roots. Second problem is non linear in nature. This problem is solved using MATLAB 'pdepe' solver. The results of MATLAB 'pdepe' solver and Chebyshev roots are compared with Gauss Legendre roots.
Problem 1
The diffusion models involve parameters such as longitudinal dispersion coefficient and mass transfer coefficients. Physical models proposed by various investigators can be classified based on mass transfer principles of two types (i) differential contact models (macroscopic) and the (ii) dispersion models (microscopic). Arora et.al. [3] studied the washing of filter cake based on the phenomena of longitudinal mixing and assumed it to be governed by the equation:
where t is time from commencement of displacement, x is distance from the point of introduction of displacing fluid,
is solute concentration, Bi represents the Biot number which relates the mass transfer resistance inside and at the surface of the body whereas / (1 ) μ ε ε = − is the ratio of the volume available for flow to the total volume and ε represents the porosity.
At the inlet to the bed, it is assumed that there is no loss of solute from the bed through the plane at which the displacing fluid is introduced:
At the bed exit, in order to avoid the unacceptable conclusion that the solute concentration passes through a maximum (or minimum) in the interior of the medium, it is necessary to impose the boundary condition:
Initially, it is assumed that the bulk fluid concentration is equal to the inlet solute concentration, i.e.,
Now to solve the system of two point boundary value problem given by equation (1) ( ) ( ) ( ) (1 )
Using approximating solution (5) the discretized form of equation (1) 
where 2,3 j = and k is number of elements.
Problem 2
A non homogeneous, non linear, parabolic equation describing the behavior of non-Newtonian miscible fluids is discussed below:
with same boundary conditions as discussed in Problem 1. The concentrations ( , ) c x t and ( , ) n x t are related via Langmuir adsorption isotherm as follows:
Using approximate solution (5) to discretize equation (7), it becomes:
After rearranging each of equations (6) and (9), it reduces to a system of (2 2) ne + differential algebraic equations (DAEs). The discretized form of DAEs is solved using MATLAB ODE15s system solver.
Results and Discussion
First problem is solved for different Peclet numbers ranging from small to large. For linear case the results of exit solute concentration are compared in Table 1 and number of elements as 160. In Table 2 order of convergence using Gauss Legendre roots is found to be 4 where as for Chebyshev roots it is 2. Error in exit solute concentration for Pe = 10, 60 and 300 is shown in Figure 3 , 4 and 5. It is observed that as Pe increases the magnitude of error also increases from 10 -6 to 10 -4 .
The second problem, which is non linear in nature, is also solved using MATLAB 'pdepe' solver. In Table 3 the results of 'pdepe' solver, Gauss Legendre roots and Chebyshev roots are summarized. In Figure 6 exit solute concentration profiles for different Pe for Gauss Legendre roots and Chebyshev roots is plotted. In Figure 7 the results of 'pdepe' solver and Chebyshev roots are compared with Gauss Legendre roots. It is observed that 'pdepe' solver is giving more error than the Chebyshev roots.
Conclusions
It can be concluded that the OCFE with cubic Hermite basis can be applied to linear and nonlinear partial differential equations with equal ease for wide range of parameter Pe. The study reveals that the order of convergence using the Gauss Legendre roots is almost double than that of using Chebyshev roots as collocation points. The technique is more consistent than 'pdepe' solver. Chebyshev roots Legendre roots 0.0 0.0000E+00 3.3063E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.2 1.5415E-04 2.2820E-07 0.0000E+00 9.9750E-07 0.0000E+00 0.0000E+00 4.1999E-06 0.0000E+00 0.0000E+00 0.4 3.3063E-03 3.9825E-06 6.0000E-10 7.7799E-05 4.8000E-09 1.0000E-10 1.6004E-06 0.0000E+00 0.0000E+00 Legendre roots pdepe solver 0.0 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 0.2 9.9991E-01 9.9991E-01 9.9975E-01 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 0.4 9.6261E-01 9.6258E-01 9.5958E-01 1.0000E+00 1.0000E+00 9.9992E-01 1.0000E+00 1.0000E+00 1.0000E+00 0.6 7.7718E-01 7.7715E-01 7.7610E-01 9.9600E-01 9.9593E-01 9.8778E-01 1.0000E+00 1.0000E+00 9.9890E-01 
